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2006 : 77296 HCAPLUS 
144:169671 

Lipid acyl transferase sequences for 

enzymatic edible oil degumming 

Soe, Jorn Borch; Turner, Mark 

Danisco A/S, Den. 

PCT Int. Appl., 165 pp. 

CODEN: PIXXD2 

Patent 

English 

2 



PATENT NO. 



WO 2006008508 



KIND DATE 



APPLICATION NO. 



DATE 



Al 20060126 WO 2005-GB2823 20050718 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, 

CN, CO, CR, CU, CZ, DE, DK, DM, DZ , EC, EE, EG, ES, FI , GB, GD, 

GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KP, KR, KZ, 

LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, 

NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, 

SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, 



ZA, 
RW: AT, 
IS, 
CF, 
GM, 
KG, 

PRIORITY APPLN . 



AB 



ZM, 
BE, 
IT, 
CG, 
KE, 
KZ, 
INFO . 



ZW 

BG, 

LT, 

CI, 

LS, 

MD, 



CH, 
LU, 
CM, 
MW, 
RU, 



CY, 
LV, 
GA, 
MZ, 
TJ, 



CZ, 
MC, 
GN, 
NA, 
TM 



DE, 
NL, 
GQ, 
SD, 



DK, 
PL, 
GW, 
SL, 



EE, 
PT, 
ML, 
SZ, 



ES, 
RO, 
MR, 
TZ, 



FI, 
SE, 
NE, 
UG, 



FR, 
SI, 
SN, 
ZM, 



GB, 
SK, 
TD, 
ZW, 



GR, 
TR, 
TG, 
AM, 



HU, 
BF, 
BW, 
AZ, 



IE, 
BJ, 
GH, 
BY, 



GB 2004-16035 A 20040716 

US 2004-591185P P 20040726 

GB 2005-13859 A 20050707 



A process of enzymic degumming edible oils, comprising treating the edible 
oil with a lipid acyltransf erase so as to transfer an acyl group 
from a major part of the phospholipid to one or more acyl acceptors, 
wherein the acyl acceptor may be any compd. comprising a hydroxy group. 
In one embodiment preferably the acyl acceptor is water and in another 
embodiment preferably the acyl acceptor is one or more sterols and/or 
stanols. When the acyl acceptor is a stanol and/or sterol, one or more 
sterol esters and/or stanol esters are produced. The lipid 
acyltransf erase for use in the process of the present invention 
may comprises one or more of the following amino acid sequences: SEQ ID 
No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 
7, SEQ ID No. 8, SEQ ID No . 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 
12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ ID 
No. 17, SEQ ID No. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 40, SEQ ID 
No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino acid 
sequence which has 75% or more identity thereto. A novel lipid 
acyltransferase comprising the amino acid sequence shown as SEQ ID 
No. 16 is also taught. 
REFERENCE COUNT: 8 THERE ARE 8 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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2005 : 158792 HCAPLUS 
142 :238727 

Use of oil-in-water emulsions prepared by the phase 
inversion temperature method in enzymatic reactions 
Weiss, Albrecht; Dubreucq, Eric; Mueller, Michael; 
Moulin, Guy 

Cognis Deutschland G.m.b.H. & Co. K.-G., Germany 

PCT Int. Appl., 21 pp. 

CODEN: PIXXD2 

Patent 

German 

1 



PATENT 


NO. 






KIND 


DATE 






APPLICATION 


NO. 




DATE 




WO 


2005017142 




Al 




20050224 




WO 2004- 


EP8770 




20040805 




W: 


AE, 


AG, 


AL, 


AM, 


AT, 


AU, 
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BA, 


BB, 
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BR, 


BW, 


BY, 


BZ, 


CA, 


CH, 






CN, 


CO, 


CR, 


CU, 


CZ, 


DE, 


DK, 


DM, 


DZ, 


EC, 
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GB, 
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HU, 


ID, 


IL, 


IN, 
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KZ, 
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NA, 


NI, 
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: BW, 


GH, 


GM, 


KE, 


LS, 


MW, 


MZ, 


NA, 


SD, 


SL, 


SZ, 


TZ, 


UG, 


ZM, 


ZW, 


AM, 






AZ, 


BY, 


KG, 
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MD, 


RU, 


TJ, 


TM, 


AT, 


BE, 


BG, 


CH, 


CY, 


CZ, 


DE, 


DK, 






EE, 


ES, 


FI, 


FR, 


GB, 


GR, 


HU, 


IE, 


IT, 


LU, 


MC, 


NL, 


PL, 


PT, 


RO, 


SE, 
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SK, 


TR, 


BF, 


BJ, 


CF, 


CG, 


CI, 


CM, 


GA, 


GN, 


GQ, 


GW, 


ML, 


MR, 


NE, 






SN, 


TD, 


TG 




























DE 


10337451 






Al 




20050317 




DE 2003- 


10337451 




20030814 


EP 


1654357 






Al 




20060510 




EP 2004- 


741371 




20040805 




R: 


DE, 


ES, 


FR, 


GB, 


IT 

























PRIORITY APPLN. INFO.: DE 2003-10337451 A 20030814 

WO 2004-EP8770 W 20040805 

OTHER SOURCE(S): MARPAT 142:238727 



AB The invention relates to the use of oil-in-water emulsions as a reaction 
medium for enzyme -catalyzed reactions. The invention is characterized in 
that the emulsion is prepd. by the phase inversion temp. (PIT) process and 
has a droplet size of 50 to 400 nm. The enzymes used are surface-active 
enzymes, esp. hydrolases or acyltransf erases . Use of the system to 
transesterify Et oleate with methanol and isopropanol is demonstrated. An 
emulsion contg. Et oleate 1 g, Eumulgin Bl 0.25 g and polyoxyethylated 
6-cetyl ale. 0.2 g and water 3 g was prepd. by heating the mixt. to 
95. degree, and cooling to below the phase inversion temp. 
( .apprx. 66. degree. ) . The mixt. was then incubated with the CpLIP2 
lipase/acyltransf erase of Candida parapsilosis 
at 14 .mu.g/mL with methanol (0-4 mol/L) at 45. degree.. 
Transesterication, as measured by methanolysis was maximal at 4 mol 
methanol/L with a rate of 0.12 8 .mu.mol/min/mL. 

REFERENCE COUNT: 3 THERE ARE 3 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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DUPLICATE 1 



MEDLINE on STN 
2005481820 MEDLINE 
PubMed ID: 16049727 

A novel lipase/acyltransf erase from the 

yeast Candida albicans: expression and characterisation of 
the recombinant enzyme. 

Roustan Jean Louis; Chu Agustin Rascon; Moulin Guy; Bigey 
Frederic 

Unite Mixte de Recherche Ingenierie de la Reaction 
Biologique, Bioproductions , Institut National de la 
Recherche Agronomique-Ecole Nationale Superieure 
Agronomique de Montpellier, 34060 Montpellier cedex 1, 
France . 

Applied microbiology and biotechnology, (2005 Aug) Vol. 68, 
No. 2, pp. 203-12. Electronic Publication: 2005-01-27. 
Journal code: 8406612. ISSN: 0175-7598. 
Germany: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200510 

Entered STN: 13 Sep 2 005 
Last Updated on STN : 21 Oct 2005 
Entered Medline: 20 Oct 2005 
A gene encoding an extracellular lipase (CaLIP4) from Candida 
albicans was successfully expressed in Saccharomyces cerevisiae after 
mutagenesis of its unusual CUG serine codon into a universal one. The 
ability of this lipase, which shares 60% sequence homology with 
the lipase/acyltransf erase from Candida 

parapsilosis, to synthesise esters was investigated. CaLIP4 
behaved as a true lipase, displaying activity towards insoluble 
triglycerides and having no activity in the presence of short-chain fatty 
acid (FA) esters and phosphatidylcholine. Methyl, ethyl and propyl esters 
were efficiently used. The lipase exhibited highest selectivity 
for unsaturated FA. With saturated FAs, C14-C16 acyl chains were 
preferred. In a biphasic aqueous/lipid system, CaLIP4 displayed a high 
alcoholysis activity with a range of alcohols (e.g. methanol, ethanol, 
propanol and isopropanol) as acyl acceptor. During the course of the 
alcoholysis reaction, new esters are produced at concentrations above the 
thermodynamic equilibrium of the esterif ication reaction, indicating that 
ester synthesis does not proceed by esterif ication but mainly by direct 
acyltransf er. Ester synthesis is under kinetic control due to the high 
rate of alcoholysis. Unwanted hydrolysis is limited by competition 
between the acyl acceptor (alcohol) and water for the acyltransfer 
reaction, favouring the alcohol. 



AUTHOR : 



CORPORATE SOURCE: 



SOURCE : 



PUB. COUNTRY: 
DOCUMENT TYPE 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 
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141:119317 

Protein and cDNA sequences of Candida 

parapsilosis lipase/acyl transferases 

Weiss, Albrecht; Bigey, Frederic; Dubreucq, Eric; 

Moulin, Guy 

Germany 

U.S. Pat. Appl. Publ., 21 pp. 

CODEN: USXXCO 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



US 2004142441 

CA 2403025 
PRIORITY APPLN. INFO 
AB 



Al 
AA 



20040722 US 2003-681636 20031008 
20040408 CA 2002-2403025 20021015 
US 2002-416987P P 20021008 

Polypeptides with lipase/acyltransf erase activity are 
described with an amino acid sequence which has identity to the sequence 
reported in SEQ ID NO 2 of at least 4 9%, also polypeptides which display 
this activity, as well as nucleic acids (genes) which code for these 
polypeptides, vectors which contain nucleic acids which code for these 
polypeptides, transformed microorganisms which contain these nucleic 
acids, processes for prodn. of these polypeptides and the application of 
nucleic acids for discovering new lipase/acyltransf erases and 
the use of these lipase/acyltransf erases as catalysts in chem. 
and biochem. processes. 
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PATENT ASSIGNEE: 
PATENT INFO: 
APPLICATION INFO 
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DOCUMENT TYPE: 
LANGUAGE : 
OTHER SOURCE: 
AB 



2004-16573 B IOTECHDS 

Novel isolated polypeptide with lipase/ 
acyltransf erase activity useful as catalysts in 
chemical and biochemical reactions; 

vector-mediated gene transfer and expression in bacterium, 
yeast or fungus for recombinant enzyme production 
DUBREUCQ E; MOULIN G; BIGEY F; WEISS A 
COGNIS DEUT GMBH and CO KG 
CA 2403025 8 Apr 2004 
CA 2002-2403025 15 Oct 2002 

US 2002-416987 8 Oct 2002; US 2002-416987 8 Oct 2002 
Patent 
English 

WPI: 2004-390791 [37] 
DERWENT ABSTRACT: 
NOVELTY - An isolated polypeptide (I) comprising a fully defined 
lipase/acyltransf erase polypeptide sequence (S2) of 465 
amino acids as given in specification, polypeptide (II) with 
lipase/acyltransf erase activity with an amino acid 

sequence which is identical to (S2) in positions 190-390 to at least 96%; 
and polypeptide (III) with lipase/acyltransf erase 

activity with an amino acid sequence which is identical to (S2) , is new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: (1) 
a polypeptide (IV) with an amino acid sequence which possesses identity 
to a fully defined sequence (S4) of 471 amino acids as given in 
specification, of at least 49%, preferably 80%; (2) a polypeptide (V) 
with an amino acid sequence which is 100% identical to (S4) ; (3) a 
polypeptide fragments or polypeptides (VI) obtained by deletion mutation 
with lipase/acyl transferase activity, derived from 

(I)-(V);(4) a polypeptides (VII) obtainable by insertion mutation or 

chimeric polypeptides having lipase/acyltransf erase 

activity which consist at least in a part of a polypeptide which is 

identical to (V) or (VI) ; (5) derivatives (VIII) of polypeptide with 

lipase/acyl transferase activity such as (I) - (VI) or 

(VII); (6) a polypeptide (IX) with lipase/ 



acyltransf erase activity which have at least one antigenic 
determinant in common with (I) -(VII) or (VIII); (7) nucleic acids (X) 
which encode polypeptide with lipase/acyltransf erase 
activity whose nucleotide sequences are identical to a fully defined 
sequence (SI) of 1398 nucleotides as given in specification, to 100%, 
especially over the partial region corresponding to amino acids 190-390 
of (S2) ; (8) nucleic acids (XI) coding for an amino acid sequence which 
possesses identity to (S2) of at least 49%, preferably 80%; (9) nucleic 
acids (XII) coding for an amino acid sequence which is identical to (S2) 
in positions 190-390 to at least 96%; (10) nucleic acids (XIII) coding 
for (I) -(VII) or (IX); (11) nucleic acids (XIV) coding for a polypeptide 
with lipase/acyltransf erase activity whose nucleotide 
sequence is identical to a fully defined sequence (S3) of 1416 
nucleotides as given in specification; (12) nucleic acids (XV) coding for 
an amino acid sequence which possesses identity to (S4) of at least 49%, 
preferably 80%; (13) organism which forms (I) - (VIII) or (IX), or contains 
nucleic acids coding them; (14) vector (a cloning, vector or expression 
vector) (XVI) containing the nucleic acids which codes for the above 
mentioned polypeptides or their derivatives; cell (XVII) containing the 
vector; (15) transformed host cell (XVIII) which expresses (I) -(VIII) or 
(IX) or can be stimulated to its expression, preferably using the 
expression vector; (16) producing (I) - (VIII) or (IX); and (17) use of a 
natural and/or recombinant microorganism containing a nucleic acid for 
the production of (I) -(VIII) or (IX). 

BIOTECHNOLOGY - Preparation: (I) is prepared using (XI), the vector, 
the transformed host cell, or a cell derived from the above mentioned 
organism, (claimed) . Preferred Polypeptide: (III) is present in 
glycosylated form, and is linked to another peptide, which is a marker, 
preferably a His-tag. (I) -(VIII), or (IX) is obtained from microorganism 
e.g., a eukaryotic fungus, preferably yeast fungus chosen from Candida 
parapsilosis, C . antarctica, (Trychosporon oryzae, Pseudozyma 
antarctica) , C.glabrata, C. albicans, C.maltosa, C . tropicalis , 
C.viswanathii, Issatchenkia orientalis, (C.krusei, Kluyveromyces 
marxianus, (C.kefyr, C.pseudotropicalis) , Pichia guilliermondii 
(C.guilliermondii) , Geotrichum candidum, Fusarium solani and Aeromonas 
aerophila. Preferred Organism: The organism is a microorganism, 
preferably a yeast fungus. Preferred Cell: The transformed host cell 
contains a nucleic acid which encodes an amino acid sequence which 
possesses 100% identity to (S2) or (S4) . Optionally, the cell contains a 
nucleic acid which encodes an amino acid sequence possessing 49% 
preferably 80% identity to (S4) . The host cells are microorganisms chosen 
from C. parapsilosis, Saccharomyces cerevisiae, 

Schizosaccharomyces pombe, Pichia pastoris, P.boidinii, P.stipitis, 
Hansenula polymorpha, Kluyveromyces lactis, Schwanniomyces castellii, 
Yarrowia lipolytica, Escherichia coli, Bacillus subtilis, 
B . amyloliquef aciens , B . stearothermophilus , B . lichenif ormis , Lactococcus 
lactis, Streptococcus lactis, Lactobacillus bulgaricus, Aspergillus 
oryzae, A.niger, Trichoderma reesei, Mucor sp. and Rhizopus sp. . 

USE - (XI), the vector, transformed host cell, or a cell from the 
organism is useful for producing (I) - (VIII) or (IX). The nucleic acids as 
described above and/or amino acid sequences which have 49, preferably 80% 
identity to (S2) or (S4) are useful for discovering new acyltransf erases . 
(I) -(VIII) or (IX) are useful as catalysts in acyltransfer reactions, 
especially the reactions which are chosen from alcoholysis of esters, 
alcoholysis of thioesters, thiolysis of esters, aminolysis of an ester 
with hydroxylamines or hydrazines, reaction of an ester with hydrogen 
peroxides and enantioselective synthesis of esters, thioesters and 
lactones by alcoholysis (all claimed) . 

EXAMPLE - No suitable example given. (46 pages) 
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DOCUMENT NUMBER: PubMed ID: 15196768 

TITLE: High-level expression of Candida parapsilosis 

lipase/acyltransf erase in Pichia 



AUTHOR : 



CORPORATE SOURCE: 



pastoris . 

Brunei Laetitia; Neugnot Virginie; Landucci Laure; Boze 
Helene; Moulin Guy; Bigey Frederic; Dubreucq Eric 
UMR Ingenierie des reactions biologiques, bioproductions 
(IR2B) , INRA--ENSA.M. --Universite Montpellier II, Equipe de 
Genie Microbiologique et Enzymatique, ENSA.M. --INRA, Place 
Viala, F-34060 Montpellier Cedex 1, France. 

Journal of biotechnology, (2004 Jul 1) Vol. Ill, No. 1, pp. 
41-50. 

Journal code: 8411927. ISSN: 0168-1656. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200502 

Entered STN : 16 Jun 2 004 
Last Updated on STN: 10 Feb 2005 
Entered Medline: 9 Feb 2005 
Candida parapsilosis has been previously shown to produce a 
lipase/acyl transferase (EC 3.1.1.3) that preferentially 
catalyses transfer reactions such as alcoholysis over hydrolysis in the 
presence of suitable nucleophiles other than water, even in aqueous media 
(aw > 0.9 ) . This enzyme has been shown to belong to a new family of 
lipases. The present work describes the cloning of the gene coding for 
this lipase/acyl transferase in the yeast Pichia 

pastoris and the heterologous high-level expression of the recombinant 
enzyme. The lipase/acyl transferase gene, in which the 
sequence encoding the signal peptide was replaced by that of the 
alpha-factor of Saccharomyces cerevisiae, was placed under the control of 
the methanol inducible promoter of the alcohol oxidase 1 gene (A0X1) . A 
transformed P. pastoris clone, containing five copies of the 
lipase/acyl transferase gene, was selected for the 

production of recombinant enzyme. The fed-batch culture supernatant 
contained 5.8 gl(-l) (weighted) of almost pure recombinant lipase 
/acyltransf erase displaying the same catalytic behavior as the 
original enzyme. 
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DOCUMENT TYPE 
LANGUAGE : 
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2003 : 40196 HCAPLUS 
138 :102926 

Fungal lipase/acyltransf erases , their 

production with recombinant cells, and their use in 

synthesis and reactions of esters 

Dubreucq, Eric; Bigey, Frederic; Moulin, Guy; Weiss, 
Albrecht 

Cognis Deutschland G.m. 
Eur. Pat. Appl., 2 8 pp. 
CODEN: EPXXDW 
Patent 
German 
1 



b.H. & Co. K. -G. 



Germany 



PATENT NO. 



EP 1275711 



KIND DATE 



Al ' 20030115 



APPLICATION NO. 



EP 2001-401855 



DATE 



20010711 



R: AT, BE, CH, DE, DK, ES , FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 

IE, SI, LT, LV, FI, RO, MK, CY, AL, TR 

WO 2003006644 A2 20030123 WO 2002-EP7413 20020704 

WO 2003006644 A3 20030918 

W: BG, CN, CZ, HU, ID, JP, KR, PL, SI, SK, US 
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AB The sequences of two acyltransf erase-lipase enzymes of 



Candida parapsilosis and the cDNAs encoding them are disclosed. 
The enzymes may be produced with recombinant microorganisms. These 
enzymes may be used for alcoholysis, thiolysis and aminolysis of esters as 
well as for enantioselective synthesis of esters, thioesters, and 
lactones. Thus, the cDNA for a C. parapsilosis 
acyltransf erase- lipase was cloned and expressed in 
Pichia pastoris and Saccharomyces cerevisiae. 
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AB Candida parapsilosis has been previously shown to produce a 
lipase (i.e. able to catalyze efficiently the hydrolysis of 
insoluble lipid esters such as triacylglycerols) that preferentially 
catalyses transfer reactions such as alcoholysis in the presence of 
suitable nucleophiles other than water, even in aqueous media with high (> 
0.9) water thermodynamic activity. The present work describes the cloning 
and the overexpression of the gene coding for this enzyme. Two ORFs 
(CpLIPl and CpLIP2) were isolated. The deduced 465-amino-acid protein 
sequences contained the consensus motif (G-X-S-X-G) which is conserved 
among lipolytic enzymes. Only one of the two deduced proteins (CpLIP2) 
contained peptide sequences obtained from the purified lipase/ 
acyltransf erase . Homology investigations showed that CpLIP2 has 
similarities principally with 11 lipases produced by C. albicans (42-61%) 
and the lipase A from Candida antarctica (31%) but not with the 
other lipases sequenced so far. Both CpLIPl and CpLIP2 were expressed in 
Saccharomyces cerevisiae, but only CpLIP2 coded for an active protein. 
The substrate specificity and the catalytic behavior of purified 
recombinant CpLIP2, with or without a C-terminal histidine tag, were not 
changed compared to those of the native lipase. 



L3 ANSWER 9 OF 13 HCAPLUS COPYRIGHT 2006 ACS on STN 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 
AUTHOR (S) : 

CORPORATE SOURCE: 



SOURCE : 



1998 : 533875 HCAPLUS 
129:229730 

Monohydroxamic acid biosynthesis 

Fournand, D.; Vaysse, L.; Dubreucq, E.; Arnaud, A. ; 
Galzy, P. 

UFR de Microbiologie Industrielle et Genetique des 
Microorganismes, Ecole Nationale Superieure 
Agronomique de Montpellier- Institut National de la 
Recherche Agronomique, Montpellier, 34060, Fr. 
Journal of Molecular Catalysis B: Enzymatic (1998), 
5(1-4), 207-211 



CODEN: JMCEF8 / ISSN: 1381-1177 
PUBLISHER: Elsevier Science B.V. 
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AB Hydroxamic acids (HA) , with the general formula R-CO-NHOH, are chelating 
agents which may be used in a no. of interesting applications, such as 
medicine and waste water treatment. In this paper, we describe the 
enzymic synthesis of HA with various chain lengths (from C2 to C18) , using 
three microbial enzymes. For short- and middle-chain HA synthesis, using 
amidases from Rhodococcus sp. R312, the optimal working pH was 7 or 8, 
depending on the amide substrate used. Different Michaelis-Menten consts. 
were also detd. For fatty HA synthesis, using lipase from 
Candida parapsilosis, the optimal working conditions were detd. 
to be pH 6, 1 M hydroxylamine and 40. degree. C. Because of the favorable 
bioconversion yields achieved, the enzymic synthesis of HA with the 
appropriate biocatalysts appears to be an interesting alternative to chem. 
synthesis . 
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Fatty hydroxamic acid biosynthesis in aqueous medium in the 
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The lipase-acyltransf erase from Candida 

parapsilosis has been shown to catalyze fatty hydroxamic acid 
biosynthesis in a biphasic lipid/aqueous medium. The substrates of the 
reaction were an acyl donor (fatty acid or fatty acid methyl ester) and 
hydroxylamine. The transfer of acyl groups from a donor ester to 
hydroxylamine (aminolysis) was catalyzed preferentially to the reaction of 
free fatty acids. The highest synthesis activity was obtained in the 
presence of 1 M hydroxylamine at 45 degrees C and pH 6. This work 
confirmed the originality of the enzyme from Candida parapsilosis 
, which acts more like an acyltransf erase than an hydrolase. 
This feature makes it an enzyme of choice for the direct bioconversion of 
oils in aqueous medium. 
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AB The ability of 7 lipase (EC-3.1.1.3) preparations to catalyze 

methyl ester production in aq. media was compared and the synthesis 
reaction (esterif ication or alcoholysis) was determined. The enzymes 
from Mucor miehei, Rhizopus delemar, Pseudomonas cepacia, Pseudomonas 
fluorescens, Rhizopus arrhizus, Candida deformans and the lipase 
/acyltransferase from Candida parapsilosis were 

examined. 3 Different behaviors were observed: the enzymes from M. 
miehei, R. delemar and C. deformans catalyzed ester synthesis by 
esterif ication of free fatty acids; the C. parapsilosis enzyme 
catalyzed alcoholysis; and the other 3 enzymes did not catalyze a net 
ester synthesis under the conditions tested. The 3 groups also differed 
in the influence of methanol on the hydrolysis reaction. The first group 
was not significantly inhibited up to the highest methanol concentration 
tested (5 M) . C. parapsilosis lipase/ 

acyltransferase hydrolysis activity was increasingly inhibited by 
increasing methanol concentrations. For the third group, hydrolysis was 
40-50% inhibited for all concentrations tested (0.2-5 M) . (8 ref) 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
This study describes the influence of various factors on the hydrolysis 
and alcoholysis activities of the lipase from Candida 
parapsilosis (Ashford) , Langeron and Talice in aqueous media. 
Optimal activities were obtained at 45 degrees C and pH 6-6.5. The 
influence of the nature of the substrate on the temperature activity 
profiles was observed. Total or partial recovery of the activities was 
obtained when methanol was added to the enzyme extract after thermal 
denaturation. A tyrosin residue appeared to be necessary for 
lipase function. Magnesium was a required metal cof actor. These 
activities were optimal in the presence of high amounts of water (water 
activity > 0.9). 
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Substrate specificity of the acyltransf erase activity of the 
lipase (EC 3.1.1.3) from Candida parapsilosis CBS 604 
was studied in aqueous media. The specificity toward both acid and 
alcohol parts of a large number of acylglycerols and aliphatic esters was 
investigated. This lipase showed a high activity in the 
presence of esters with long-chain fatty acids and particularly 
unsaturated fatty acids with a cis -delta 9 double bond. It was observed 
that the activity profile depended not only on the alcohol part of the 
acyl ester, but also on the temperature of the reactant medium. The best 
lipid substrates had their melting point between -40 to +20 degrees C, 14 
to 18 carbon atoms in the acyl group and 1 to 4 carbon atoms in the alkyl 
group. The enzyme, defined as an acyltransf erase in a previous 
paper, showed a high affinity for primary and secondary alcohols with a 
short carbon chain (1 to 5 carbon atoms) as acyl acceptors. The influence 
of free alcohols in the reactant medium on the hydrolysis and alcoholysis 
activities of the enzyme is discussed. Two phenomena seem to be involved,, 
depending on the alcohol: competition with water for the acyltransf er 
reaction and lipid substrate dilution when the alcohol places at the 
oil/water interface. 
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AB Candida parapsilosis has been previously shown to 



produce a lipase/acyl transferase (EC 3.1.1.3) that 

preferentially catalyses transfer reactions such as alcoholysis over 
hydrolysis in the presence of suitable nucleophiles other than water, even 
in aqueous media (aw > 0.9 ) . This enzyme has been shown to belong to a 
new family of lipases. The present work describes the cloning of the gene 
coding for this lipase/acyltransf erase in the yeast 
Pichia pastoris and the heterologous high-level expression of the 
recombinant enzyme. The lipase/acyltransf erase gene, 

in which the sequence encoding the signal peptide was replaced by that of 
the alpha- factor of Saccharomyces cerevisiae, was placed under the control 
of the methanol inducible promoter of the alcohol oxidase 1 gene (AOX1) . 
A transformed P. pastoris clone, containing five copies of the 
lipase/acyltransf erase gene, was selected for the 

production of recombinant enzyme. The fed-batch culture supernatant 
contained 5.8 gl(-l) (weighted) of almost pure recombinant lipase 
/acyl transferase displaying the same catalytic behavior as the 
original enzyme. 
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PUB. COUNTRY: Germany: Germany, Federal Republic of 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE : Engl i sh 

FILE SEGMENT: Priority Journals 

OTHER SOURCE: GENBANK- AJ3 2 02 60 

ENTRY MONTH: 2 002 05 

ENTRY DATE: Entered STN: 17 Mar 2 002 

Last Updated on STN: 2 Jun 2 002 
Entered Medline: 31 May 2002 

AB Candida parapsilosis has been previously shown to 

produce a lipase (i.e. able to catalyze efficiently the 
hydrolysis of insoluble lipid esters such as triacylglycerols) that 
preferentially catalyses transfer reactions such as alcoholysis in the 
presence of suitable nucleophiles other than water, even in aqueous media 
with high (> 0.9) water thermodynamic activity. The present work 
describes the cloning and the overexpression of the gene coding for this 
enzyme. Two ORFs (CpLIPl and CpLIP2) were isolated. The deduced 
465-amino-acid protein sequences contained the consensus motif (G-X-S-X-G) 
which is conserved among lipolytic enzymes. Only one of the two deduced 
proteins (CpLIP2) contained peptide sequences obtained from the 
purified lipase/acyltransf erase . Homology 

investigations showed that CpLIP2 has similarities principally with 11 

lipases produced by C. albicans (42-61%) and the lipase A from 

Candida antarctica (31%) but not with the other lipases sequenced so far. 

Both CpLIPl and CpLIP2 were expressed in Saccharomyces cerevisiae, but 

only CpLIP2 coded for an active protein. The substrate specificity and 

the catalytic behavior of purified recombinant CpLIP2, with or 

without a C-terminal histidine tag, were not changed compared to those of 

the native lipase. 
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AB A process of enzymic degumming edible oils, comprising treating the edible 
oil with a lipid acyltransf erase so as to transfer an acyl group 
from a major part of the phospholipid to one or more acyl acceptors, 
wherein the acyl acceptor may be any compd. comprising a hydroxy group. 
In one embodiment preferably the acyl acceptor is water and in another 
embodiment preferably the acyl acceptor is one or more sterols and/or 
stanols. When the acyl acceptor is a stanol and/or sterol, one or more 
sterol esters and/or stanol esters are produced. The lipid 
acyltransf erase for use in the process of the present invention 
may comprises one or more of the following amino acid sequences: SEQ ID 
No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 
7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 
12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ ID 
No. 17, SEQ ID No. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 40, SEQ ID 
No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino acid 
sequence which has 75% or more identity thereto. A novel lipid 
acyltransf erase comprising the amino acid sequence shown as SEQ ID 
No. 16 is also taught. 
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OTHER SOURCE(S): MARPAT 142:238727 

AB The invention relates to the use of oil-in-water emulsions as a reaction 
medium for enzyme -catalyzed reactions. The invention is characterized in 
that the emulsion is prepd. by the phase inversion temp. (PIT) process and 
has a droplet size of 50 to 400 nm. The enzymes used are surface-active 
enzymes, esp. hydrolases or acyltransf erases . Use of the system to 
transesterify Et oleate with methanol and isopropanol is demonstrated. An 
emulsion contg. Et oleate 1 g, Eumulgin Bl 0.2 5 g and polyoxyethylated 
6-cetyl ale. 0.2 g and water 3 g was prepd. by heating the mixt . to 
95. degree, and cooling to below the phase inversion temp. 
( .apprx. 66. degree. ) . The mixt. was then incubated with the CpLIP2 
lipase/acyltransf erase of Candida 

parapsilosis at 14 .mu.g/mL with methanol (0-4 mol/L) at 

45. degree.. Transesterication, as measured by methanolysis was maximal at 
4 mol methanol/L with a rate of 0.12 8 .mu .mol/min/mL. 
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A novel lipase/acyltransf erase from the 

yeast Candida albicans: expression and characterisation of 
the recombinant enzyme. 

Roustan Jean Louis; Chu Agustin Rascon; Moulin Guy; Bigey 
Frederic 

Unite Mixte de Recherche Ingenierie de la Reaction 
Biologique, Bioproductions , Institut National de la 
Recherche Agr onomi que -E cole Nationale Superieure 
Agronomique de Montpellier, 34060 Montpellier cedex 1, 
France . 

Applied microbiology and biotechnology, (2005 Aug) Vol. 68, 

No. 2, pp. 203-12. Electronic Publication: 2005-01-27. 

Journal code: 8406612. ISSN: 0175-7598. 

Germany: Germany, Federal Republic of 

Journal; Article; (JOURNAL ARTICLE) 

English 

Priority Journals 



ENTRY MONTH: 2 00510 

ENTRY DATE: Entered STN: 13 Sep 2 005 

Last Updated on STN: 21 Oct 2 005 
Entered Medline: 20 Oct 2005 
AB A gene encoding an extracellular lipase (CaLIP4) from Candida 

albicans was successfully expressed in Saccharomyces cerevisiae after 
mutagenesis of its unusual CUG serine codon into a universal one. The 
ability of this lipase, which shares 60% sequence homology with 
the lipase/acyltransferase from Candida 

parapsilosis, to synthesise esters was investigated. CaLIP4 
behaved as a true lipase, displaying activity towards insoluble 
triglycerides and having no activity in the presence of short-chain fatty 
acid (FA) esters and phosphatidylcholine. Methyl, ethyl and propyl esters 
were efficiently used. The lipase exhibited highest selectivity 
for unsaturated FA. With saturated FAs, C14-C16 acyl chains were 
preferred. In a biphasic aqueous/lipid system, CaLIP4 displayed a high 
alcoholysis activity with a range of alcohols (e.g. methanol, ethanol, 
propanol and isopropanol) as acyl acceptor. During the course of the 
alcoholysis reaction, new esters are produced at concentrations above the 
thermodynamic equilibrium of the esterif ication reaction, indicating that 
ester synthesis does not proceed by esterif ication but mainly by direct 
acyltransf er . Ester synthesis is under kinetic control due to the high 
rate of alcoholysis. Unwanted hydrolysis is limited by competition 
between the acyl acceptor (alcohol) and water for the acyltransfer 
reaction, favouring the alcohol. 
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2004 : 589153 HCAPLUS 
141:119317 

Protein and cDNA sequences of Candida 

parapsilosis lipase/acyl trans f erases 

Weiss, Albrecht; Bigey, Frederic; Dubreucq, Eric; 

Moulin, Guy 

Germany 

U.S. Pat. Appl. Publ., 21 pp. 
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Patent 

English 
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US 2004142441 Al 20040722 US 2003-681636 20031008 
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AB Polypeptides with lipase/acyltransferase activity are 

described with an amino acid sequence which has identity to the sequence 
reported in SEQ ID NO 2 of at least 49%, also polypeptides which display 
this activity, as well as nucleic acids (genes) which code for these 
polypeptides, vectors which contain nucleic acids which code for these 
polypeptides, transformed microorganisms which contain these nucleic 
acids, processes for prodn. of these polypeptides and the application of 
nucleic acids for discovering new lipase/acyltransf erases and 
the use of these lipase/acyltransf erases as catalysts in chem. 
and biochem. processes. 
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Helene; Moulin Guy; Bigey Frederic; Dubreucq Eric 



SOURCE : 
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DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
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ENTRY DATE: 



AB 



CORPORATE SOURCE: UMR Ingenierie des reactions biologiques , bioproductions 

(IR2B) , INRA--ENSA.M. --Universite Montpellier II, Equipe de 
Genie Microbiologique et Enzymatique , ENSA.M. --INRA, Place 
Viala, F-34060 Montpellier Cedex 1, France. 
Journal of biotechnology, (2004 Jul 1) Vol. Ill, No. 1, pp. 
41-50 . 

Journal code: 8411927. ISSN: 0168-1656. 
Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
200502 

Entered STN: 16 Jun 2 004 
Last Updated on STN: 10 Feb 2 005 
Entered Medline: 9 Feb 2005 
Candida parapsilosis has been previously shown to 
produce a lipase/acyl transferase (EC 3.1.1.3) that 

preferentially catalyses transfer reactions such as alcoholysis over 
hydrolysis in the presence of suitable nucleophiles other than water, even 
in aqueous media (aw > 0.9 ) . This enzyme has been shown to belong to a 
new family of lipases. The present work describes the cloning of the gene 
coding for this lipase/acyltransf erase in the yeast 
Pichia pastoris and the heterologous high-level expression of the 
recombinant enzyme. The lipase/acyltransf erase gene, 

in which the sequence encoding the signal peptide was replaced by that of 
the alpha- factor of Saccharomyces cerevisiae, was placed under the control 
of the methanol inducible promoter of the alcohol oxidase 1 gene (AOX1) . 
A transformed P. pastoris clone, containing five copies of the 
lipase/acyltransf erase gene, was selected for the 

production of recombinant enzyme. The fed-batch culture supernatant 
contained 5.8 gl(-l) (weighted) of almost pure recombinant lipase 
/acyltransf erase displaying the same catalytic behavior as the 
original enzyme. 
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Fungal lipase/ acyltransf erases , their 

production with recombinant cells, and their use in 

synthesis and reactions of esters 

Dubreucq, Eric; Bigey, Frederic; Moulin, Guy; Weiss, 
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Patent 
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W: BG, CN, CZ, HU, ID, JP, KR, PL, SI, SK, US 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE, SK, TR 
PRIORITY APPLN. INFO.: EP 2001-401855 A 20010711 

AB The sequences of two acyltransf erase-lipase enzymes of 
Candida parapsilosis and the cDNAs encoding them are 

disclosed. The enzymes may be produced with recombinant microorganisms. 
These enzymes may be used for alcoholysis, thiolysis and aminolysis of 



esters as well as for enantioselective synthesis of esters, thioesters, 
and lactones. Thus, the cDNA for a C. parapsilosis 
acyltransf erase-lipase was cloned and expressed in 
Pichia pastoris and Saccharomyces cerevisiae. 
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The lipase/acyl transferase from 
Candida parapsilosis : molecular cloning 
and characterization of purified recombinant enzymes. 
Neugnot Virginie; Moulin Guy; Dubreucq Eric; Bigey Frederic 
Ecole Nationale Superieure Agronomique de Montpellier, 
Institut National de la Recherche Agronomique, UFR de 
Microbiologie Industrielle et de Genetique des 
Microorganismes, Montpellier, France . 

European journal of biochemistry / FEBS, (2002 Mar) Vol. 
269, NO. 6, pp. 1734-45. 

Journal code: 0107600. ISSN: 0014-2956. 
Germany: Germany, Federal Republic of 
Journal; Article; (JOURNAL ARTICLE) 
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Entered STN: 17 Mar 2002 
Last Updated on STN: 2 Jun 2 002 
Entered Medline: 31 May 2002 
Candida parapsilosis has been previously shown to 
produce a lipase (i.e. able to catalyze efficiently the 
hydrolysis of insoluble lipid esters such as triacylglycerols) that 
preferentially catalyses transfer reactions such as alcoholysis in the 
presence of suitable nucleophiles other than water, - even in aqueous media 
with high (> 0.9) water thermodynamic activity. The present work 
describes the cloning and the overexpression of the gene coding for this 
enzyme. Two ORFs (CpLIPl and CpLIP2) were isolated. The deduced 
465-amino-acid protein sequences contained the consensus motif (G-X-S-X-G) 
which is conserved among lipolytic enzymes. Only one of the two deduced 
proteins (CpLIP2) contained peptide sequences obtained from the purified 
lipase/acyltransf erase. Homology investigations showed 
that CpLIP2 has similarities principally with 11 lipases produced by C. 
albicans (42-61%) and the lipase A from Candida antarctica (31%) 
but not with the other lipases sequenced so far. Both CpLIPl and CpLIP2 
were expressed in Saccharomyces cerevisiae, but only CpLIP2 coded for an 
active protein. The substrate specificity and the catalytic behavior of 
purified recombinant CpLIP2, with or without a C- terminal histidine tag, 
were not changed compared to those of the native lipase. 
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Monohydroxamic acid biosynthesis 

Fournand, D.; Vaysse, L.; Dubreucq, E . ; Arnaud, A. ; 
Galzy, P. 

UFR de Microbiologie Industrielle et Genetique des 
Microorganismes, Ecole Nationale Superieure 
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Elsevier Science B.V. 
Journal 



LANGUAGE : Eng 1 i s h 

AB Hydroxamic acids (HA) , with the general formula R-CO-NHOH, are chelating 
agents which may be used in a no. of interesting applications, such as 
medicine and waste water treatment. In this paper, we describe the 
enzymic synthesis of HA with various chain lengths (from C2 to C18) , using 
three microbial enzymes. For short- and middle-chain HA synthesis, using 
amidases from Rhodococcus sp. R312, the optimal working pH was 7 or 8, 
depending on the amide substrate used. Different Michaelis-Menten consts. 
were also detd. For fatty HA synthesis, using lipase from 
Candida parapsilosis, the optimal working conditions 

were detd. to be pH 6, 1 M hydroxylamine and 40. degree. C. Because of the 
favorable bioconversion yields achieved, the enzymic synthesis of HA with 
the appropriate biocatalysts appears to be an interesting alternative to 
chem. synthesis. 
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Fatty hydroxamic acid biosynthesis in aqueous medium in the 
presence of the lipase-acyltransf erase 
from Candida parapsilosis . 
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Entered STN: 9 Jul 1997 
Last Updated on STN: 9 Jul 1997 
Entered Medline: 23 Jun 1997 
The lipase-acyltransf erase from Candida 

parapsilosis has been shown to catalyze fatty hydroxamic acid 
biosynthesis in a biphasic lipid/aqueous medium. The substrates of the 
reaction were an acyl donor (fatty acid or fatty acid methyl ester) and 
hydroxylamine. The transfer of acyl groups from a donor ester to 
hydroxylamine (aminolysis) was catalyzed preferentially to the reaction of 
free fatty acids. The highest synthesis activity was obtained in the 
presence of 1 M hydroxylamine at 45 degrees C and pH 6. This work 
confirmed the originality of the enzyme from Candida 
parapsilosis, which acts more like an acyltransf erase 
than an hydrolase. This feature makes it an enzyme of choice for the 
direct bioconversion of oils in aqueous medium. 
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AB Substrate specificity of the acyltransf erase activity of the 
lipase (EC 3.1.1.3) from Candida parapsilosis 

CBS 604 was studied in aqueous media. The specificity toward both acid 
and alcohol parts of a large number of acylglycerols and aliphatic esters 
was investigated. This lipase showed a high activity in the 
presence of esters with long-chain fatty acids and particularly 
unsaturated fatty acids with a cis-delta 9 double bond. It was observed 
that the activity profile depended not only on the alcohol part of the 
acyl ester, but also on the temperature of the reactant medium. The best 
lipid substrates had their melting point between -4 0 to +2 0 degrees C # 14 
to 18 carbon atoms in the acyl group and 1 to 4 carbon atoms in the alkyl 
group. The enzyme, defined as an acyltransf erase in a previous 
paper, showed a high affinity for primary and secondary alcohols with a 
short carbon chain (1 to 5 carbon atoms) as acyl acceptors. The influence 
of free alcohols in the reactant medium on the hydrolysis and alcoholysis 
activities of the enzyme is discussed. Two phenomena seem to be involved, 
depending on the alcohol: competition with water for the acyltransf er 
reaction and lipid substrate dilution when the alcohol places at the 
oil/water interface. 
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/ db_xr e f = " t axon : 5 4 8 0 " 

894. .2291 

/gene="lipl" 

894. .2291 

/gene="lipl" 

/EC__number= "3.1.1.3" 

/ codon__start=l 

/transl_table=12 

/product= "lipase 1 " 

/protein_id="CAC86399. 1" 

/db_xref="GI : 21953341" 

/db_xref = "GOA : Q8NJ51 " 

/ db_xref = "UniProtKB/ TrEMBL : Q8NJ51 " 

/translation= " MHFWFLS IFLIQGVFAAVIAPVKPSQDNFYTPPDGYENSKVGTI 

LKFRNTPFPLSGIINTVNVQNSWQLLVRSEDTFGNPNAIVTTVIQPFNATSDKVVSYQ 

TWEDAANLDFSPSYGIQYGADLTTLISSFEMYFMSALLDQGYYWTPDYEGPKSTFTV 

GLQSGKATLNSIRAALGSGNLTGIDSNAEVMMWGYSGGTIASGWAAAIQSEYAPELTD 

NLIGAALGGFVTNITATAEATDGGLFAGLIANALGGLGNEYSNLTTFMQESVSSEQQP 

AFERRDDHCLVDS ILGNIGSQFFSGEDRWFPDGWKI FDEEPVDS I VKNNGLVYQPKKY 

LPQIPIFVYQGTQDNIVPIKSAKTTFKQWCEWGLESGEFAEDEATGHITEVFVGAPAA 

LTWIINRFNGVEPVQGCNHTSRASNFDYPGISQSYVEYFTAALNVVLGINMGPLTKRE 

VNS I QDLNNLE YVKV " 

complement (2629. .4026) 

/gene="lip2" 

complement (2629. .4026) 

/gene="lip2" 

/EC_number= "3.1.1.3" 

/function=" secreted lipase/acyltransf erase" 



/experiment^' experimental evidence, no additional details 

recorded" 

/codon_start=l 

/trans l__table=12 

/product=" lipase 2" 

/protein_id="CAC86400 . 1" 

/db_xref="GI: 21953342" 

/db_xref = "GOA : Q8NIN8 " 

/db_xref = "UniProtKB/TrEMBL : Q8NIN8 " 

/translation "MRYFAIAFLLINTISAFVLAPKKPSQDDFYTPPQGYEAQPLGSI 
LKTRNVPNPLTNVFTPVKVQNAWQLLVl^SEDTFGNPNAIVTTIIQPFNAKKDKLVSYQ 
TFEDSGKLDCAPS YAI Q YGSD I STLTTQGEMYYI S ALLDQG YYWTPD YEGPKSTFTV 
GLQSGRATLNSLRATLKSGNLTGVSSDAETLLWGYSGGSLASGWAAAIQKEYAPELSK 
NLLGAALGGFVTNITATAEAVDSGPFAGI ISNALAGIGNEYPDFKNYLLKKVSPLLS I 
TYRLGNTHCLLDGGIAYFGKSFFSRIIRYFPDGWDLVNQEPIKTILQDNGLVYQPKDL 
TPQIPLFIYHGTLDAIVPIVNSRKTFQQWCDWGLKSGEYNEDLTNGHITESIVGAPAA 
LTWI INRFNGQPPVDGCQHNVRASNLEYPGTPQS IKNYFEAALHAILGFDLGPDVKRD 
KVTLGGLLKLERFAF " 

sig_peptide complement (3979 . .4026) 

/gene="lip2" 

mat_peptide complement (2632 . .3978) 

/gene="lip2" 
/product=" lipase 2" 
/EC_number= " 3 . 1 . 1 . 3 " 

/ experiment = " experimental evidence, no additional details 
recorded" 

ORIGIN 



Query Match 100.0%; Score 1398; DB 4; Length 4642; 

Best Local Similarity 100.0%; Pred. No. 1.2e-297; 

Matches 1398; Conservative 0; Mismatches 0; Indels 0; Gaps 0; 



Qy 


i 


ATGCGTTACTTTGCTATTGCTTTCTTGCTCATCAATACCATTTCAGCTTTTGTCTTGGCT 


60 






1 Ml 1 1 III MM 1 1 Ml III 1 MM 1 II 1 1 1 MM M 1 1 1 1 II 1 1 1 1 1 II 1 II II II II 




Db 


4026 


ATGCGTTACTTTGCTATTGCTTTCTTGCTCATCAATACCATTTCAGCTTTTGTCTTGGCT 


3967 


Qy 


61 


CCCAAAAAGCCATCTCAAGACGATTTCTACACTCCACCACAAGGTTATGAAGCTCAACCT 


120 






M II 1 1 II 1 III M II II II 1 III 1 1 M M II II 1 1 II M 1 M 1 1 1 II II M 1 II 1 M M 




Db 


3966 


CCCAAAAAGCCATCTCAAGACGATTTCTACACTCCACCACAAGGTTATGAAGCTCAACCT 


3907 


Qy 


121 


CTTGGTTCTATTTTGAAAACAAGAAACGTCCCCAATCCATTGACTAATGTTTTCACTCCA 


180 






MMMIMIMMMMMMMMMMMMMIIMMIMMMMMMMMI 




Db 


3906 


CTTGGTTCTATTTTGAAAACAAGAAACGTCCCCAATCCATTGACTAATGTTTTCACTCCA 


3847 


Qy 


181 


GTTAAAGTTCAAAATGCATGGCAATTATTGGTTAGATCTGAAGATACATTTGGTAACCCA 


240 






1 1 II 1 1 II 1 III 1 1 II M II 1 II II II 1 II 1 1 1 II 1 1 1 1 1 II 1 1 II II 1 1 II 1 1 1 Ml II 




Db 


3846 


GTTAAAGTTCAAAATGCATGGCAATTATTGGTTAGATCTGAAGATACATTTGGTAACCCA 


3787 


Qy 


241 


AACGCCATAGTCACTACCATTATTCAACCTTTCAATGCTAAAAAGGATAAGCTTGTTTCT 


300 






MMMMMM 1 1 1 M 1 II 1 1 1 M 1 1 1 1 II 1 1 1 II 1 II M 1 1 II II 1 M Ml 1 1 M 1 1 1 




Db 


3786 


AACGCCATAGTCACTACCATTATTCAACCTTTCAATGCTAAAAAGGATAAGCTTGTTTCT 


3727 


Qy 


301 


TATCAAACATTTGAAGATTCTGGTAAATTGGATTGTGCTCCATCATATGCTATTCAATAT 


360 






MMM MMM M M MM MMMMM MMMMMM MMMMMM MM II 




Db 


3726 


TATCAAACATTTGAAGATTCTGGTAAATTGGATTGTGCTCCATCATATGCTATTCAATAT 


3667 


Qy 


361 


GGATCGGACATTTCGACTTTGACCACTCAAGGTGAAATGTACTACATCTCTGCTTTATTA 


420 



Illlllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

3GATCGGACATTTCGACTTTGACCACTCAAGGTGAAATGTACTAC ATCTCTGCTTTATTA 3607 



nh 




npATPPPAPATTTPPAPTTTPAPPAPTPAAPPTPAAATPTAPTAPATPTPTPPTTTATTA 

VjVJrt 1 L VjVjrtLrt ill LU/iL 111 Unv. LrtL 1 LrtrtVjVj 1 Unnn lui rtL 1 rtLM. 1^ 1 L 1 1 1 in! in 


JOU / 


Qy 


421 


GATCAAGGTTACTATGTTGTCACTCCTGATTACGAGGGTCCAAAGAGTACATTCACTGTA 


480 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l l l l l l 

1 II 1 II I 1 II II II II II 1 1 II 1 1 II 1 II 1 1 1 II II II 1 II II II 1 1! 1 II II 1 II II II 




Db 


O \J \J D 


P A TP A A PP TT A PT A TPTTPT P A P TP P TP A TT A P P A PPPT P P A A a P A PT A P A TT P a P Tf T a 
VJrt. X LrtrtUO 1 1 rt,L 1/iiVJi lul LrtL ILL 1 VJrt 1 1 rtL UriVJUVJ 1 L Lrtjrxrt.VJri.VJ 1 rtLrt 1 1 LrtL 1 Vj X rt 


oo*± f 


Qy 


481 


GGGTTGCAATCAGGAAGAGCTACTTTGAATTCGCTTAGAGCTACTTTGAAATCAGGAAAC 


540 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 II II II II 1 II II II II II II II II II II II 1 II II II 1 II II II II II II II II 1 1 1 1 




Db 


3546 


GGGTTGPAATPAnOAAOAfiPTAPTTT^ 

VJVJvJ J. -L SJ^riri -L LrXVJVJrtrtAJrtVJL X rtL 111 VJrtrt 1 1 L VJL 1 1 rtVJrtVJL 1 rtL 111 VJrtrtrt 1 Lrt.VJVJrtrtrt.V-. 


■3407 


Qy 


541 


TTGACTGGTGTTTCATCAGACGCTGAGACATTATTGTGGGGTTATTCAGGAGGAAGTCTT 


600 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 
1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 II 1 II II 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 




Db 


3486 


TTPAPTPPtTPTTTPATPAPAPPPTPAPAPATTATTPTPPPPTTATTPAPPAPPA APTPTT 

1 X VJrtL X UU lul 1 1 Lrt. X Lrt.VJrt.LVJL X VjrtVJrtLrt X 1 rt 1 1 Vj 1 VjVjVjVj X X rt. X 1 LrtVjVjrt.VjVJrtrt.Vj X L X L 


1 A O *7 


Qy 


601 


GCTTCAGGATGGGCTGCTGCTATACrtrtrtAAGAATATGCTCCAGAGTTGAGTAAAAACTTG 


660 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 II 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




Db 


3426 


GPTTPAPPATPPPPTPPTPPTATAPA A AAAPAATATPPTPPAPAPTTPAPTA A A A APTTP 

VJL 1 1 L-ilVJVJrt. X VJVJVJL X VJL X VJL 1 rt 1 rtLrtrtrtrtrtVjrtrt 1 rt 1 VJL 1 L LrtVJrtVj 1 1 VjrtVj 1 rtrtrtrtrtL X X VJ 


O J D / 


Qy 


661 


CTTGGTGCTGCACTTGGTGGATTCGTTACAAACATTACTGCCACTGCTGAAGCTGTTGAT 


720 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 
1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




Db 


3366 


PTTPPTPPTfiPAPTTPnTPnATTPPTTAPAA APATTAPTPPPAPTPPTPA APPTPTTPAT 

L 1 1 VJVJ 1 VJL 1 VJLrtL 1 1 VJVJ 1 VJVJrt X X LVJ X 1 rt.Lrtrtrt.Lrt 1 X rtL X VjLLrtL X VjL X VjrtrtVjL lull Vjrt. 1 


j jU / 


Qy 


721 


AGTGGTCCATTTGCAGGAATCATCTCCAATGCATTGGCTGGTATTGGAAATGAATACCCT 


780 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l i l l l l l l I l l I l I I I I I I I I i I t i i i i i i i i i i i i i i i 

M M M 1 1 1 M II I M 1 1 M M 1 ll 1 1 ll l ll II 1 M II II II 1 II 1 1 II I II II I II 1 1 




Db 


J J U D 


APTPPTPP A TTTPP APP A ATP A TPTPP A A TP P A TTPP PTVT' T A TTPPS A ATP A ATAPrPT 
rtVj XVjVj X LLrtX X ±VjLrtVjVjrtrt±LrtXV«.XLLrtrtlVjLrt,± 1 VJVjL 1 VjVj lrt. 1 1 VjVjrtrtrt.1 Vjrtrt.1 ALLL 1 


J24 / 


Qy 


781 


GATTTCAAAAACTATCTTTTGAAAAAAGTGTCACCATTGCTTTCAATCACTTATCGTTTG 


840 






II II 1 III 1 II 1 II 1 1 1 II 1 III 1 III 1 1 1 1 II Ml Ml Ml III 1 II III 1 1 II II II 




Db 


3246 


GATTTCAAAAACTATCTTTTGAAArtAAGTGTCACCATTGCTTTCAATCACTTATCGTTTG 


3187 


Qy 


841 


GGAAACACTCACTGTTTGCTTGATGGTGGTATTGCTTATTTCGGTAAATCATTCTTTTCC 


900 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

M II 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 II M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




Db 


3186 


PPAAAPAPTPAPTPTTTPPTTPATPPTPPTATTPPTTATTTPPPTA A ATPATTPTTT'T'PP 

VJVJrtrtrtLrtL XLrtL lull 1 VJL 1 1 Vjrt X VjVj 1 VjVj X rt 1 1VJL 1 Irtl 1 1 LVJVJ 1 rtrtrt 1 Lrt 1 1L 1 i 1 ILL 


3 iz / 


Qy 


901 


AGAATTATTAGATATTTC C CTGATGGATGGGATCTTGTCAAC CAAGAACCTATCrtAAACC 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l ll l l l l l l I t I I I I I I I I I I I i i 


960 


Db 




M N I 1 1 1 1 1 1 1 1 II 1 1 1 1 1 I I II II II I I || | M || | | | | | | | | || | | | | | | || | | | || 

APA ATTATTAPATATTTPPPTP ATPPATPPP ATPTTVfr' A APPA ApT\ APPTATPA A A APP 
rtVJrtrtX Irtl 1 rtVjrt Irtl X XLLL 1 Vjrt. 1 VjVJrt. 1 VJVJVJrt. 1 L 1 1 Vj 1 L.rtrt.L V_rtrt.VJrtrt,L L. lAlLnnAAv.V. 


0 r\ c *7 
j Ob / 


Qy 


961 


ATCTTGCAAGATrtATGGATTGGTTTACCAACCrtAAGGACTTGACCCCACAAATTCCATTA 


1020 


Db 




1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l ll l I I I I I I I I I I I I I I I ll i i i i 

1 1 1 1 1 I II 1 M II II 1 1 1 1 1 1 1 1! 1 II II 1 1 1 1 I II II 1 II 1 1 1 1 II 1 1 ! 1 1 1 II 1 1 1 1 1 1 




3066 


ATPTTPPA APAT A A TPPATTPPTTT A PP A A PP A A APP A PTTP A pppr 1 a n a a sttppbtta 

rtXLX XVJLrtrtVJrtXrtrtX VjVJrtl 1 VJVJ 1 X lrtLLrtrtLLrtrtrt.VjVjrt.V- 1 1 VjrtL L L LrtLrtrtrt 1 1 LLrt 1 lrt. 


JUU / 


Qy 


1021 


TTCATCTACCACGGTACCTTGGATGCAATTGTCCCCATTGTCAACTCAAGAAAGACATTC 


1080 






1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I 1 1 i 1 I I I I 1 I I I I i I i i i i i 

M N 1 ! 1 1 1 1 M 1 1 1 1 1 1 M 1 1 1 1 1 1 M 1 1 1 1 II 1 1 II 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 




Db 


3 006 


TTP ATPT A PP A PPPT A PPTTPir 1 A TPP A ATTPfPPPPATTPTPA A OT 1 /^ 1 A A/^AAA/^A^A rprpr^ 
X X Lrt XLlrtLLrtL VjVj XrtLL i XVJVjrt.1 VjCrtrt.1 IVjlUV-V-LrtX 1 Vj 1 LAAt 1 LrtAvjArtACjAL A 1 IL 


2 947 


Qy 


1081 


CAACAATGGTGTGATTGGGGACTCAAATCTGGTGAATATAATGAAGATTTGACCAATGGA 


1140 






1 1 1 II 1 1 1 1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l M l 1 l 1 1 1 1 1 l l l I l l l l l l 
M 1 II 1 1 M 1 N i 1 1 II 1 ! \ \ 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II 1 II 1 1 1 1 II 1 1 1 1 1 




Db 


2946 


CAACAATGGTGTGATTGGGGACTCrtAATCTGGTGAATATAATGAAGATTTGACCAATGGA 


2887 


Qy 


1141 


CACATTACTGAATCAATTGTGGGTGCACCAGCTGCTTTGACTTGGATTATCAATCGTTTC 


1200 






IIIIIIIIIIIIIIIIIIIIIMIMIMMIMIIIIIIIIIIIIIIIIIIIIIIIIII 




Db 


2886 


CACATTACTGAATCAATTGTGGGTGCACCAGCTGCTTTGACTTGGATTATCAATCGTTTC 


2827 


Qy 


1201 


AATGGACAGCCTCCAGTTGATGGATGTCAACATAATGTGAGAGCTTCAAACTTGGAATAT 


1260 



MIMIIIMIIIMIIMIMIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIII 



Db 282 6 AATGGACAGCCTCCAGTTGATGGATGTCAACATAATGTGAGAGCTTCAAACTTGGAATAT 2767 

Qy 12 61 CCAGGAACTCCACAATCAATCAAGAATTACTTTGAAGCTGCATTGCACGCAATTTTGGGC 1320 

M I I I I I I I I I I I I I I I I I I I I I I I I I I I II M I I I I I I I I II I I I I I I I I I I I I I I I I I 
Db 2766 CCAGGAACTCCACAATCAATCAAGAATTACTTTGAAGCTGCATTGCACGCAATTTTGGGC 2707 

Qy 1321 TTTGATTTGGGTCCAGATGTTAAGAGAGATAAGGTTACTTTGGGCGGATTGCTCAAGTTG 13 80 

I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I 
Db 2706 TTTGATTTGGGTCCAGATGTTAAGAGAGATAAGGTTACTTTGGGCGGATTGCTCAAGTTG 2 647 

Qy 13 81 GAACGTTTTGCTTTTTAG 13 98 

I I I I II I II I I I I II I II 
Db 2646 GAACGTTTTGCTTTTTAG 262 9 



